Introduction Despite the success of epilepsy surgery, recent reports suggest a decline in surgical numbers. We tested these trends in our cohort to elucidate potential reasons. Patients and methods Presurgical, surgical and postsurgical data of all patients undergoing presurgical evaluation in between 1990 and 2013 were retrospectively analysed. Patients were grouped according to the underlying pathology. Results A total of 3060 patients were presurgically studied, and resective surgery was performed in 66.8% (n=2044) of them: medial temporal sclerosis (MTS): n=675, 33.0%; benign tumour (BT): n=408, 20.0%; and focal cortical dysplasia (FCD): n=284, 13.9%. Of these, 1929 patients (94.4%) had a follow-up of 2 years, and 50.8% were completely seizure free (Engel IA). Seizure freedom rate slightly improved over time. Presurgical evaluations continuously increased, whereas surgical interventions did not. Numbers for MTS, BT and temporal lobe resections decreased since 2009. The number of non-lesional patients and the need for intracranial recordings increased. More evaluated patients did not undergo surgery (more than 50% in 2010-2013) because patients were not suitable (mainly due to missing hypothesis:
INTRODUCTION
Epilepsy surgery has become a standard treatment option for patients with intractable focal epilepsy. A recent Cochrane review identified 177 studies reporting on surgical outcome of more than 16 000 patients. 1 In total, 65% of the patients had a good outcome, defined as seizure freedom, usually apart from auras (range across studies from 13.5% to 92.5%). For temporal lobe epilepsy, two randomised controlled trials demonstrated the superiority of resection in comparison to medical treatment. 2 3 Therefore, international guidelines recommend an early referral of patients with drug-resistant seizures for comprehensive evaluation including surgical options. 4 5 Despite this success of epilepsy surgery, reports from Europe and the USA suggest a decline in resective surgeries over the past decade. [6] [7] [8] [9] [10] [11] A decreasing proportion of patients with medial temporal lobe epilepsy and an increasing complexity of cases have been suggested as underlying reasons. 6 9 11 12 The Epilepsy Centre Bethel has been one of the surgically most active centres in Germany for more than 20 years. We analysed the Bethel series to verify the above-mentioned trends in epilepsy surgery. We intended to further elaborate reasons for a potentially non-increasing proportion of patients proceeding to resective surgery. We hypothesised that (1) the increasing number of 'difficult cases' leads to a larger number of patients without sufficient focus hypothesis or with inacceptable surgical risks and that (2) an increasing awareness of chances and risks may influence patient's decision on surgery.
MATERIALS AND METHODS Retrospective data evaluation
The principles of presurgical evaluation and decision-making have been constant since initiation of the programme in cooperation with the Cleveland Clinic under H.O. Lüders in 1990. The evaluation aims at the delineation of the epileptogenic zone and the judgement on its removal without inacceptable deficits. 13 Routine presurgical evaluation included (1) video-EEG monitoring and MRI in order to formulate a hypothesis for the epileptogenic zone and (2) investigations for risk stratification including neuropsychological testing and fMRI-based language lateralisation. MRI field strength increased over time: 1990-2000 external <1.0 T, 2000-2010 internal 1.5 T and since 2011 internal 3.0 T. Additional imaging techniques such as FDG-PET, DTI fibretracking and invasive language lateralisation by intracarotid amobarbital test (Wada test) were performed as indicated. A case conference was held only for patients with decision on operability and the need of intracranial recordings. Protocols of these case conferences and additional investigations for presurgical risk stratification were used to identify all potential surgical candidates. Patients with other indication for video-EEG recording (eg, for differential diagnosis) were excluded by this selection.
The study was conducted in accordance with the Gesundheitsdatenschutzgesetz (GDSG NRW, German law of healthcare data protection). Data were obtained from the Bethel presurgical/surgical epilepsy database (status as of 17 December 2015), updated with presurgical, surgical and postsurgical data by PG and TM.
For patients with more than one evaluation or surgical intervention, the latest was used for this analysis.
Grouping according to pathology
Neuropathological diagnosis was performed by the Bethel neuropathological institute from 1990 to 2011, thereafter by the neuropathological institute of the University of Erlangen. Until 2011, localised malformations of cortical development were classified as focal cortical dysplasias (FCDs) according to Palmini. 14 These results were transferred to the recent classification system of the International League against Epilepsy. 15 Type I dysplasias were not further disentangled. Differentiation of type IIa and IIb dysplasias depended on the detection of dysmorphic neurons for type IIa and balloon cells for type IIb, respectively.
Dual pathology was defined as the coexistence of medial temporal sclerosis (MTS) and another epilepsy related pathology: (1) malformation of cortical development, (2) tumour, (3) phacomatosis, (4) vascular, (5) encephalitis and (6) gliosis due to perinatal injury or trauma. Gliosis of unspecified reasons and mild forms of cortical malformation in patients with MTS 16 17 were not counted for the diagnosis of dual pathology. MTS in the context of hemispheric pathologies was interpreted as element of the main pathology and not classified as dual pathology.
Patients were categorised according to histopathology diagnosis or-if no operation took place-by presurgical MRI. In some patients, MRI and pathology findings had to be integrated to come to a meaningful diagnosis. 18 The groups were arranged according to Engel as 'surgical remediable syndromes' (like MTS, benign tumour (BT), FCD and the following diffuse hemispheric pathologies (DH): Rasmussen's encephalitis, Sturge-Weber syndrome, infarctions of one medial cerebral artery, unilateral porencephaly and hemimegalencephaly) and 'potential candidates' (like dual pathology, tuberous sclerosis or non-lesional patients). 19 
Presurgical protocol and surgery types
Usually, resections tightly restricted to the detectable lesions were performed. In the 2010-2013 period, extended lesionectomies were regularly performed if no standard resection were offered ( publications had demonstrated the benefit of complete and-if by any means possible-extended removal of FCDs 20 21 ). In selected cases, lesionectomy was guided by intracranial recordings and electrocorticography. The anteromedial two-thirds of the temporal lobe were resected in almost all patients with MTS. Patients with temporo-apical lesions sparing the hippocampus received an apical temporal lobe resection without removal of the hippocampus but including the amygdala. 22 Patients with DH pathologies underwent hemispherectomy in one of its modern 'functional', that is, partly disconnective variants, mainly by removal of the anterior temporal lobe and insular cortex and sectioning of the corpus callosum.
Patients' surgical outcome
All patients were actively invited for postoperative visits 6 and 24 months after surgery including routine postoperative MRI after 6 months, EEG and neuropsychological testing as well as social follow-up at both visits. Documentation of seizure freedom regarding to Engel's classification was performed at both timepoints. 23 For this study, outcome data 24 months after operation were used because changes in seizure frequency before this time-period occur frequently. 24 Seizure freedom was rigorously defined as 'no seizures and no auras since discharge from the hospital after surgery', that is, Engel class IA 23 for reasons detailed recently 10 and to avoid inconsistencies across studies due to different outcome scores. 1 25 'Intention-to-treat' seizure freedom rates
We calculated the percentage of postsurgical seizure-free patients as a proportion of all presurgically evaluated patients ('intention-to-treat ratio' (sf(ITT)). 10 This ratio reflects the 'yield' of an epilepsy programme and makes the comparison between series from different centres more meaningful. For example, a selective attitude may result in better rates of postsurgically seizure-free patients but will be reflected in a lower sf(ITT).
Decision against surgery
The case conference formulated an individual decision on operability. A decision in favour of surgery was usually made for patients with a sufficiently high chance for postoperative seizure freedom and an acceptable risk for postoperative deficits. In some cases like patients with Rasmussen's encephalitis, the high chance for postoperative seizure freedom and the high seizure burden of the patients may even justify postoperative hemiparesis and hemianopia. 26 
Expert's reasons against surgery
Reasons for negative decisions on operability have been (1) the missing identification of a circumscribed epileptogenic zone and (2) an inacceptable risk for postoperative deficits like aphasia, hemiparesis, visual field deficits or memory decline. These risks were extracted from the case conference protocols or judged by the location of the epileptogenic lesion and its neighbourhood to eloquent cortex. In patients with multiple risks, the one with the most severe impact on functions of daily life was noted (graded severity as in the list given above).
Patient's reasons against surgery
Some patients were offered surgery subsequent to the case conference but opted against this option. We identified these patients by the missing surgical intervention despite positive decision on operability. To test the hypothesis of increasingly detailed informed consent procedures as a measurable influence on patients' decision, we reviewed the informed consent protocols of 69 patients with left temporal lobe resection because of MTS (because of the assumed homogenous risk profile). For each year from 1990 to 2013, the first three operated patients were selected. We assessed the existence of a written consent, document length, the number of risks mentioned and the existence of an individual sketch of the proposed procedure (as an indicator for the intensity of the information).
Statistical analyses
For trend analyses, patients were grouped into four yearperiods. χ 2 Test was performed to test the homogeneity of proportions of operated patients over the periods, and Mantel-Haenszel χ 2 test of linear trend was used to test whether there was a (linear) trend of the proportions of operated patients over time. In addition, generalised linear models (GLMs) including the Bonferroni adjusted post hoc tests were performed to identify those periods that deviate significantly from the estimated total mean.
Statistical analyses were performed using the IBM SPSS Statistics for Windows (V.23.0; Armonk, New York, USA: IBM Corp). Table 1 and online supplementary table S1 give demographic data, decision on operability, resective surgeries and outcome 24 months after surgery.
RESULTS Presurgical evaluation, surgery and outcome
A total number of 3060 patients (age, mean±SD: 25 ±16 years, range: 0-74 years; women: 47.2%) were presurgically studied. Of all evaluated patients, 64.9% (n=1985) had a surgically remediable syndrome. 19 The three most frequent aetiologies were MTS (n=767, 25.1% of the evaluated patients), BT (n=498, 16.3%) and FCD (n=433, 14.2%). An operative treatment option was offered to 92.3% of the patients with surgically remediable syndromes and to 48.6% of the 'potentially remediable syndromes'.
Resective surgery was performed in 2044 patients (66.8% of the evaluated patients). A proportion of 76.8% of the operations was performed in patients with surgically remediable syndromes (n=1570). Most frequent aetiologies again were MTS (n=675, 33.0%), BT (n=408, 20.0%) and FCD (n=284, 13.9%). Of these, 192 patients (9.4%) underwent more than one surgical intervention. Outcome data were available for as many as 1929 patients (94.3%). The overall seizure freedom rate was 50.8%. BT and cavernomas showed the best response to surgical treatment (seizure freedom rate 60.1% and 68.3%, respectively). The overall sf(ITT) was 33.9%. 'Surgically remediable syndromes' had a higher sf(ITT) of 42.3%. 'Potential surgical candidates' showed a lower sf(ITT) of 16.6%. figure 2 . The total proportion of operated patients was 66.8%. Whereas in the first and third periods, the proportions were significantly higher than the mean, in the last period of 2010-2013, significantly fewer patients have undergone surgery. For the first time, <50% of the evaluated patients were operated on.
There were two tendencies behind this: first, the more 'straightforward' cases within the presurgical cohort show a non-linear (inverted U-shaped) curve similar to the resected patient group. This can be seen in different patient subgroups.
For the two most frequent, usually easy-to-decide-on pathologies, MTS and BT, the number of evaluated patients and consecutive resections showed a non-linear curve similar to the total operated cohort. The percentage of consecutive resection declined over time ( figure 3A, B) . Resections within the temporal lobe, considered to be less difficult to decide on, showed an inverted U-shaped curve, too (mean 65.1%, maximum 2002-2005: 71.8%, minimum 2010-2013: 53.2%, figure 3C ). In contrast, for the suggested intracranial recordings and for non-lesional patients, the curve was U shaped: for invasive recordings, the proportion was high at the beginning of the programme (1990) (1991) (1992) (1993) figure 3D) .
Second, the rate of decisions against surgery is increasing. Figure 4A and online supplementary table S3 show decisions against surgery over time as a proportion of the total cohort of evaluated patients.
There is on the one hand a significant increase of rejection from surgery by the neurologists. In the last period, 2010- 2013, this rate was 28.7%, the total proportion being 20.1%. Main reason for rejection from surgery was the missing identification of a circumscribed epileptogenic zone ( figure 4B ) that also showed a highly significant increase over time (4.5% in 1990-1993 up to 21.1% in 2010-2013, total 13.4%). Expected postoperative deficits as rejection reason were less frequent (6.7% of all patients) and relatively remained stable over time. Online supplementary figure S1 gives additional information about the distribution of anticipated deficits, which were stable over time (data not shown). The rejection rate by the neurologist for non-lesional patients was constantly high (total 76.8%, p=0.281). On the other hand, patients/parents opted increasingly against surgery ( figure 4A ). This trend reached a maximum in the period of 2010-2013 (21.0% of all evaluated patients (total 10.9%) figure 4A , online supplementary table S3 and 29.4% of all rejections from surgery (total 13.7%, data not shown)). This trend was also true for standard aetiologies MTS and BT: the proportion of not operated patients increased ( figure 3A, B) , and more patient/parents opted against surgery ( figure 4C, D) , for BT a maximum of 30% in 2010-2013 ( figure 4D ). To identify a potential reason for this increasing scepticism, 61 informed consent protocols of adult patients with left temporal lobe epilepsy were reviewed for changes of informed consent procedures; for 8 patients, informed consent protocols were not found in the patient files. Table 2 shows that over time, more detailed information on risks and chances were given to the surgical candidates and their families.
The protocols became more extensive (1 page in 1990 and 2010 to 6 pages from the neurosurgeon plus 4 pages from the epileptologist since 2011). More severe complications were mentioned over time, and the expected chance of seizure freedom as per cent (and inversely, of surgical failure) was mentioned only from 1997 on.
Seizure freedom rate
The overall rate of seizure-free patients 24 months after surgery showed a slight, but significant improvement over time (p=0.039, figure 5 ). The same was true for BT and especially for FCD, but not for MTS.
DISCUSSION
In this retrospective single-centre study from Germany, we report on 3060 presurgically evaluated and 2044 operated patients between 1990 and 2013. Patient composition and success rates were similar to other series and identified trends towards more evaluations but not more surgeries because of more complex cases and more reluctance of patients to undergo surgery.
The proportion of patients with 2-year outcomes was exceptionally high (94.3%, table 1). Other single-centre studies had follow-up data 24 months after surgery from 67.4% to 85.6%. 10 27 28 Similar to a single-centre study from Bonn, Germany, 10 we calculated the sf(ITT). The overall sf(ITT) in our cohort was 33.9%, which is comparable to the Bonn series. This had an sf(ITT) of 32.4% within 2684 presurgical evaluations, 1721 resective surgeries and 1160 (67.4%) patients with a follow-up of at least 1 year and a seizure freedom rate (Engel IA) of 50.5%. 10 Comparing epilepsy surgery outcome between studies is challenging, because different outcome measures have been used. 1 25 We only counted patients completely seizure free since surgery (Engel class IA). This clear definition eliminates arbitrariness in defining 'non-disabling seizures' and 'withdrawal seizures' 10 and the potential social and prognostic impact of such seizure types. The overall Engel IA seizure freedom rate in our cohort was 50.8%. Apart from Bonn, the Queen Square series achieved 49% Engel IA outcome after 24 months. 29 Centres reporting Engel IA and Engel IA+B (auras not counted) outcomes find 11-14% more seizure-free patients with the more liberal measure. 28 29 Figure 1 Trends over time of presurgical evaluation and resective surgeries. Figure 2 Numbers and proportions of operated and non-operated patients after presurgical evaluation. Legend: test of trend (Mantel-Haenszel χ 2 test, p<0.001) indicates that the number of non-operated patients after presurgical assessment compared to the number of operated patients has increased over time. Dotted line=total (%). *Significant deviation from estimated grand mean ( p<0.05) using GLM. GLM, generalised linear model.
In comparison to the Bonn series, the rates for MTS and BT were again almost identical to our study: MTS, Bethel 49.4%/ Bonn 51.8% and BT, Bethel 61.0%/Bonn 60.1%. Patients with FCD showed a divergent outcome: Bethel 45.7%/Bonn 57.6%. Another German centre reached an intermediate seizure freedom rate (Engel IA) of 51% for FCD patients 24 months after surgery. 30 The highly similar outcomes for MTS and BT suggest that the standard temporal lobe resection types (2/3 resection as preferred in Bethel, or amygdalohippocampectomy, the preferred method in Bonn) and any lesionectomy approach quite safely include the epileptogenic area. In contrast, the less well-demarcated borders of FCD favour a consequent extension of lesionectomy (as in the majority of cases practised in Bonn 21 and often in Freiburg) 30 over more circumscribed approaches (as in Bethel until 2010).
There were increasing seizure freedom rates for the total study cohort and the subgroup of FCD and BT (figure 5). A better demarcation of circumscribed epileptogenic lesions due to high-resolution MRI might contribute to this. 31 Another reason might be the very constant personnel situation at our centre (different from a university setting with more frequent fluctuation), giving the possibility of a constantly learning system. This is especially true for the number of neurosurgeons: in Bethel, three neurosurgeons performed all 2044 resections, whereas the Bonn series named nine neurosurgeons in the author list and the aknowledgements. 10 As main results, we observed a progressively increasing number of presurgical evaluations and an inverted U-shaped curve of resulting surgical interventions (with a steep initial increase and a slight recent decrease ( figures 1 and 2) ). This is in line with previous reports on increasing diagnostic facilities, increasing numbers of hospitalisations and video-EEG monitorings but stable surgical numbers. 8 9 32 Another study even reported about a slight decrease in surgical numbers. 33 This increasing gap was related to a declining proportion of patients proceeding to surgery in the smaller centres. 8 Our series and data from another large German centre 10 show that the gap between diagnostic and surgical volumes is not restricted to smaller centres. We conclude that a lack of intentness (which might be assumed in small volume centres) alone does not explain this overall gap. We propose the following reasons for this trend: 1. An increasing proportion of difficult cases as the key reason for this phenomenon. Similar observations and suggestions have been provided by other publications 7 9 10 33 and are substantiated in our own cohort: first, the proportion of patients with clear indications for surgical treatment decreased over time (figure 3: less patients with MTS, BT and temporal resections). Potential causes are a decreasing incidence of precipitating injuries leading to MTS 6 (resulting in a decreasing prevalence after two decades of epilepsy surgery) and an increasing tendency to remove low-grade tumours without formal presurgical epilepsy diagnostics. 34 Other studies, too, observed a decline in MTS-related epilepsy surgery. 6 12 33 One paper described a doubling of extratemporal resections from 2007 to 2012. 9 Second, since 2002, we found more non-lesional patients and an increasing need for invasive recordings ( figure 3D ). Other studies The darker colours indicated increasing degrees of 'intensity'.
observed the same trend. 9 33 Jehi et al 33 found more patients undergoing invasive recordings without subsequent surgery. There are reports of increasing numbers of MRI negative, non-lesional patients for presurgical evaluation, which also often require intracranial studies.
(1) We observed an increasing rate of decisions against surgery ( figure 4A ). The higher rejection rate by the neurologist is apparently explained by the above-discussed trend towards more challenging cases for presurgical evaluation. The increasing numbers of patients without a welldelineated epileptogenic zone are in line with this hypothesis and had a stronger impact on decision against surgery than deficit risks (figure 4B). Besides these 'objective' reasons for rejections, there is a trend that more patients opt against surgery ( figure 4A, C, D) . This is an important and novel explanation for the decline in surgical numbers. Possible reasons are more extended information about chances and risks of surgery (as documented by the increasingly comprehensive information sheets before surgery (table 2) ). Recently, the following reasons for patients to step back from surgery were reported: dissatisfaction with the predicted likelihood to become seizure free (52%), scepticism related to intracranial recordings (51%) and concerns about surgical risks (14%). 35 Another explanation might be fewer patients with a clear upfront motivation for surgical treatment. This may be related to an increasingly early referral for presurgical workup even in patients without explicit surgical motivation. 5 2. Finally, a backlog of patients amenable for new curative treatment options and its subsequent clear-out may explain the inverted U-shaped curve in newly set up centres in an area without this option before this. Possibly, a later shift of clear cases to centres without special expertise in epilepsy surgery, motivated by the expanding knowledge about the efficacy of surgical treatment for MTS and BT, contributes to the decline of straightforward cases. Our data do not include information about surgical complications or the frequency of compensation complaints that might influence the decision-making process. In line with other studies, a recent meta-analysis found an overall low risk for permanent neurological deficits in epilepsy surgery due to accidental damage of the brain (<5%). 4 
CONCLUSION
Presurgical evaluation has become part of a standard workup for patients with drug-resistant focal epilepsy, even for those without obvious surgically remediable syndromes or without clear surgical motivation at the beginning of the process. This conforms well with the international recommendation to refer patients after failure of two adequately used antiepileptic drugs to an epilepsy centre to check (among other options) the possibility of a potentially curative surgical treatment. 5 Patients entering the presurgical evaluation more often make the informed choice of not undergoing epilepsy surgery. The increasing capacity of the presurgical programme largely compensates for this trend and the declining number of 'straightforward' cases with MTS or BT. Surgical volumes thus can be maintained. It is encouraging that despite the increase in complicated cases, seizure freedom rates can be kept up and even improved at this centre over time. 
